Abstract-A new type of solar photovoltaic power generation automatic tracking system was designed in this paper. First of all, based on the principle of dual-axes tracking and the law of the sun trajectory, a novel parallel solar tracking mechanism was devised. The mechanism of automatic tracking system uses 3-DOF parallel structure and can track the sun all-round. Secondly, the control algorithm is studied by the mathematical model of parallel tracking mechanism and proposed the tracking strategy of the photoelectric tracking and sun trajectory tracking. In the sunny day, the sunlight is detected by photoelectric sensor and with the photoelectric tracking mode. In the rainy days, according to the calculation of the solar altitude angles and azimuth, the automatic tracking is used the construction of the data base and look-up table to track sun by software control method. Finally, the generating capacity of automatic tracking system experiment is carried on research. The experimental results show that the designed parallel tracking mechanism has a good performance and stable operation, also can realize all-round automatic tracking. The power generation of the new automatic tracking system has more power than two axes tracking 14.1%.
I. INTRODUCTION
As an effective way to improve the utilization of solar energy, solar automatic tracking system has been paid attention to by the countries all over the world. Solar automatic tracking means that during the process of solar radiation, the solar panel's surface is always perpendicular to the solar rays and more solar radiation energy is obtained in a limited area [1, 2] . The sun energy acceptance rate is different with another tracking method. At present, the tracking mechanism can be divided into single axis tracking, two axis tracking, polar axis tracking and parallel tracking, and so on [3] . Two axis tracking is the mainstream method at present. It can automatically track the sun in two directions of horizontal and pitch. It also can achieve larger power output. In recent years, the parallel mechanism has large stiffness, stable structure, high accuracy, and easy to realize real-time motion control, so it has been gradually applied to the solar automatic tracking. The typical 3-DOF parallel sphere tracking mechanism is proposed by Professor Zhang Shunxin in Hebei University of Technology [4] . The parallel spherical tracking mechanism has the characteristics of compact structure, high stiffness and large working space. It can achieve a comprehensive tracking and greatly efficiency of acceptance.
The existing tracking mechanism is driven directly by the motor. A heavier solar panel will be used a large motor drive which makes the power consumption of its own increase and the effective output power generation decrease [5, 6] . In order to solve the problem of sun tracking mechanism, a novel solar automatic tracking system was designed this paper. The tracking system can reduce the power loss of its own and increase the output effective power generation. Therefore, it can improve the efficiency of tracking device and achieve the purpose of automatic tracking.
II. DESIGN OF NEW SOLAR TRACKING MECHANISM

A. The Working Principle of a New Parallel Automatic Tracking Mechanism
The new solar tracking system mainly includes support mechanism, limiting mechanism, drive mechanism and parallel steering mechanism. The supporting mechanism is composed of a tripod support at the bottom, a triangular platform at the top and a universal joint fixed on it. The driving mechanism passes the torque to the gear through the stepping motor. Then the gear-rack passes are meshed through the steel wire which the position and the posture of the solar energy plate are changed arbitrarily. Three sets of limit rod in triangular platform and the solar panel tray are made up the limiting mechanism. The upper of three sets limit rod is connected a spherical hinge to the solar plate tray. The 3 spherical hinges are fixed on the solar panel tray and formed a triangle. The steering mechanism is composed of 3 spherical hinges in the solar plate tray edge of the 120 degrees angle and formed a triangle. The hinged thin steel wire is fixed on the rack by the guide wheel. The three-dimensional model is shown in Fig.1 .
The working principle of the mechanism is that the stepping motor is powered on, then the thin steel wire connected with the gear is driven by a gear-rack mechanism, so the tray movement is influenced by the guide wheel. The coordinated movement of the three fine wire ropes makes the attitude of the solar panel change arbitrarily. The azimuth angle can reach 360 degrees, and the pitching angle also can reach 110 degrees. Therefore, the full range tracking can be realized. 
B. Modeling of New Parallel Automatic Tracking Mechanism
In order to facilitate the establishment of a mathematical model, the new parallel tracking mechanism was designed in this paper. The mechanism can be divided into fixed platform and moving platform. The platform is composed of three stepping motors, gear-rack and guide wheel. The moving platform is composed of solar panel tray and universal coupling. The 3 spherical hinges are arranged at the edge of the solar panel tray at 120 degrees intervals, and the three fixed points of the 3 spherical hinges are also arranged in a positive triangle.
When the parallel tracking mechanism is in motion, the three rope lengths are respectively 1 l , 2 l , 3 l , and the position positive solution equation of the parallel tracking mechanism is [7] :
According to the parallel sun tracking mechanism of positive solutions of the conditions, 1 l , 2 l , 3 l are known, so the three unknowns are corresponding three independent equations. Through solving formula, the parallel tracking mechanism output equations of position ,  , B z can be obtained. 
RESEARCH ON CONTROL SYSTEM OF NEW SOLAR TRACKING SYSTEM After completing the mathematical modeling of the solar automatic tracking mechanism, it is necessary to design the control system, including the design of the hardware system and software system. This paper is proposed a control strategy of combining the photoelectric tracking with sun trajectory tracking based on the solar automatic tracking in any weather condition. The tracking mode is mainly depended on the trajectory tracking and sun trajectory tracking is supplemented. In a sunny day, a photosensitive diode is used to accomplish the light intensity detection. Cloudy or cloudy time is calculated by software to calculate the trajectory of the sun. Collaborative control of hardware and software enables real-time and accurate tracking of the sun. The working principle of the control system is shown in Fig. 2 .
FIGURE II. THE WORKING PRINCIPLE OF THE NEW SOLAR AUTOMATIC TRACKING CONTROL SYSTEM
The new principle of automatic solar tracking control system is that the three ropes length displacement are calculated according to the kinematics equation of the 3-DOF parallel mechanism, then the controller will transmit control signals to the three shafts drive board, so the stepper motor can drive actuator motion. When the sun shines on the photoelectric sensor, the sensor is judged according to the information of the sunlight to see whether the threshold of the photoelectric sensor is set. If the threshold is set, the system is automatically switched from mode control to photoelectric tracking module. If the threshold of the sensor is not reached, the system will automatically switch to sun trajectory tracking module. According to the local latitude, the solar altitude angle and azimuth angle are calculated on the basis of the sun trajectory algorithm, and then the database is set up to store the information of the solar trajectory into the controller. When cloudy or dark clouds, the solar altitude angle and azimuth information are queried from the database in the current time., at and then the telescopic rope length is calculated by the controller. It can control the stepper motor movement through the program and make the solar panel reach the expected position. The combination of photoelectric tracking and sun trajectory tracking, the system can accurately track the solar rays all day and automatically.
A. The Hardware Circuit Design of Control System
The hardware of the automatic tracking control system is mainly composed of MCU controller, stepping motor, motor drive, photoelectric sensor, light intensity detection circuit and so on. Among them, the MCU is the control component, the stepping motor is the executive part, and the photoelectric sensor is the feedback control component. The hardware design of the control system is shown in Fig. 3 .
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The control system constructs the application system based on MCU controller as the core. The modular thought of hardware circuit is designed for each unit circuit, and then the synthesis of the hardware circuit is carried out. Each circuit unit is combined to a complete hardware circuit by the function demands. The analog and digital signals are acquired through the peripheral circuit of the MCU control system, and input to the MCU control. After dealing with the MCU, the corresponding action of execution unit can control the whole system.
B. The Software Design of Control System
The software design of the automatic tracking system mainly includes the main control module, the photoelectric tracking module, the sun trajectory tracking module and the maximum power point tracking algorithm program design. The design of control system software adopts the idea of modular. All modules were designed and then combined to a complete module, so it is easy to program, but also can be easily modify error in a module. The overall design is shown in Fig. 4 . The program is composed of photoelectric tracking module and sun trajectory tracking module. Firstly, the photoelectric signal is converted into an electric signal through the light intensity detecting circuit according to the photoelectric sensor. According to the comparison of the preset reference voltage and the ends sensor voltage, if the ends sensor voltage is greater than the reference value, it can output high level. The stepper motor control will be not moved at this time. If it is less than the reference value, it can output low level. Then, the stepper motor control will be action by the MCU. Secondly, the solar altitude and azimuth are calculated according to the local latitude and the time. The angle of calculation will be built the data base, and then the solar elevation and azimuth are inquired every time from the library table. The MCU will send a pulse signal and direction signal to the stepper motor. The solar panel is corrected by one direction so as to complete a tracking. The solar panel is corrected by one direction so as to complete a tracking. 
IV. EXPERIMENTAL RESEARCH AND ANALYSIS
The test starts at 8:00 am and ends at 18:00 pm with a total of 10 hours of testing. Compared to the power of the two tracks, the result is shown in Fig. 7 . In this experiment, one area of Jinhua as an example, the same power of solar panels (20W) is used in this test. The power comparison test is carried on the new solar automatic tracking system and two axis tracking system in different time on the same day. Test conditions: temperature 15-28 ℃ , cloudless weather. The experiments are shown in Fig. 5 and Fig. 6 . Fig.7 shows that the average power of the two axes tracking is about 11.6W all day long. The average power of the new solar automatic tracking is about 13.5W all day long. The new automatic tracking power is 14.1% higher than the traditional two axes tracking all day long. The experimental results show that the power generation of the new solar automatic tracking is better than the two axes tracking.
V. CONCLUSIONS 1. The designed new solar automatic tracking system can coordinate movement with each other without interference when three motors turn .
2. The whole power generation of the new solar automatic tracking system is 14.1% more than traditional two axis tracking system.
Compared with the traditional two axis tracking system, the designed new parallel solar tracking system is effective in generating more power in this paper. Its economy is obvious, and the utilization of the sun is high.
